Introduction
Observations of relative sea-level changes through time provide constraints on volumes of past ice sheets as well as their retreat history, and data from iifferent localities from around the world have been used to constrain the ice volumes of individual ice sheets as well as to establish the total change in ice volume for the Last Clacial Maxímum and later times (Lambeck and Chappell, 2OOl) . Creenland is one such ice sheet that has been investigated in this way (Fleming and Lambeck, 2OO4) and one that we address here. Holocene relative sea-level changes around Creenland have earlier been observed and reported in a number of investigations from different sites, for example in NE Creenland (Funder, '1978; Björck and Persson, 1981; Björck et al., '1994; Bennike and Weidick, 2001) , NW Creenland (Kelly er al., 1999) and W Creenland (Rasch, 2000; Rasch andJensen, 1 992; ; Long *Correspondence to: Charlotte Sparrenbom, Centre for CeoBiosphere Science, Quaternary Ceology, Lund UniversiÇ, Sölvegatan 12, 223 62 Lund, Sweden. E-mail: charlotte.sparrenbom@geol-lu.se Long and Robefts, 2002; Bennike, 2OO2; Long et al.,2OO3) . But only limited data are available from southern Creenland (Fredskild, 1973; Funder, 1979 ; Bennike ef a/., 2OO2; Weidick et a1.,2004) and more data are needed to be able to understand the regional postglacial sea-level changes and associated isostatic rebound in this sector.
In this paper we present results from the first of two investigations on relative sea-level changes in the southern Creenland sector. lt is an extension of the shoreline displacement curve published by Bennike et al. (2002) from the Nanortalik area in which they show that the local sea level fell during the Lateglacial period and reached present level at -1 0 000 years ago and remained below this level until the present. In the current study we have addressed the sea-level change for the more recent period by coring five basins situated below present spring-tide sea level and one basin above this level.
Other evidence for Late Holocene relative sea-level changes in southern Creenland comes from marine geological and archaeological studies: (i) a subaerially weathered 'dry crust, found at ca.9.3-1 0m below present sea level (b.s.l.) in a core taken in Narsaq harbour dated to >2800cal.yrBp (Bennike et al., 2OO2; Weidick et al., 2OO4); (ii) an undated drowned beach at 3-4m b.s.l. situated close to the Norse settlement at Brattahlid (Kuijpers et al., '1999) ; and (iii) Norse and Neo-Eskimo ruins situated close to the present spring-tide water level (Mathiassen, 1936; Bak, 1969) . Furthermore, from tidal measurements betlveen 1BB3 and 1885 , and again from 1932to 1934 , Cabel-JØrgensen and Egedal (1940 reported that the land in southern Creenland was sinking at a rate of 3.9 + 0.38 mm per year during the 48 years between the two measurements. Evidence for the presence of Palaeo-Eskimo settlements is extremely rare in southern Greenland, possibly because their areas of habitation have been inundated by the rising sea through Holocene time, and new information on regional sea-level change, especially between 4000ca|. yrBP and 250cal.yrBP, may shed light upon where investigations need to be focused to find evidence of Inuit ancestors possibly reaching southern Creen land.
Field area
The Nanortalik area is situated in south Greenland ( Fig. 1 )at around 60" N. The landscape is dominated by fjords reaching depths over 600m and alpine mountains reaching heights of 1500m near the coast and up to 2000m further inland, with the ice-free land area being around 100 km wide. The offshore . ä q shelf is relatively narro4 mostly less than 100km. Clacially abraded, rounded and flattened mountains are common in the outer archipelago, especially at the mouth of the fjords. The bedrock in the region mainly consists of granites, gneissose granites, diorites, migmatised meta-sediments and meta-volcanics (Escher and Watt, 1976) .
During winter, the snow cover in the Nanortalik area is deep and constant apart from windswept ridges. 'Storisen', a wide zone of drift ice following the East Creenland Current, reaches the area in late winter (ca. March) and melts off during the summer, normally disappearing from the area around late June. When the cold East Creenland Current meets the warmer lrminger Current it causes cool, cloudy and foggy conditions during the summer months with mean temperatures around 5-6"C at the outer coast.
Dwarf-shrub heaths with mosses and lichens dominate the vegetation. Empetrum nigrum, Betula glandulosa and Salix glauca constitute major elements in the heaths.
Methods
Fieldwork was carried out during three weeks in August 2001 . A large Zodiac inflatable boat was used to transport coring equ¡pment and people from a base in Nanortalik to the different cor¡ng sites. Coring posit¡ons were determined with CpS or, in the case of sites N29 and N30, taken from the sea chart. The bathymetry of the submarine basins was investigated with an echo sounder to find suitable coring sites. A small specially designed Zodiac, with a funnel hole in the centre, was used as a coring platform. During coring, the small Zodiac was usually roped tightly to three points on the shore. Using a Russian corer, multiple overlapping core sediment sequences were collected from the different basins. The cores were described and then wrapped for shipment back to the laboratory in Lund, where the cores are stored at 4.C. As the aim of the investigation is to establish when sea level was situated at a certain level, it is important to take tides into consideration. The marine influence in a basin will start and stop when the saline oceanic water ceases to cross the sill of the basin. The highest astronomical tide is therefore of importance, as that controls when marine waters can enter the basin. Storm events may also be of importance but harder to establish in detail, and will not affect the different sites evenly because of differences in location and exposure. The highest astronomical tide has been calculated by O. Andersen (KMS) using the global tidal model AG (Andersen Crenoble, 'l 995.1) for each site and it varies between sites from 184 cm to 1BB cm above mean sea level. The mean tidal amplitude for the area is ca. 0.25 m and 1.5 m at neap and spring tides, respectively (Farvandsvaesenet, 2000 (Farvandsvaesenet, ,2001 . The alt¡tude of the sill of the lake was measured w¡th a d¡gital altimeter and a clinometer, while the threshold levels of the tidewater basins were measured using an echo sounder and coring rods. The accuracy of the sill measurements depends on the method used (Table 1) . By noting the time for every measurement, tidal corrections were possible. The total uncertaintv at each site depends on: the accuracy ofthe measurement; th; interpreted threshold development; and the uncertainty in the tidal correction. The total uncertainty is then the square root of the sum of the variances of the three contributinq factors, i.e. d r o t a r : f 4 + 4 + 4 ) r / , where { is the measurement var¡ance , fi, is the variance of the threshold development and { is the variance of the tidal correction. The total uncertainty of the relative sea-level determination for each site is given in Table 1 . Detailed lithological descriptions were carried out in the laboratory before subsampling. Measurements of magnetic susceptibil¡ty and saturation isothermal remanent magnetisation (SIRM), organic and carbonate contents were carried out on closely spaced samples from all cores. The magnetic susceptibility (x) is a measure of the extent to which a sediment can be magnetised and is expressed as (pm3 kg-l), and depends on the mineral composition of the sediment. High susceptib¡l-ity values may indicate a higher content of magnetic particles, i.e. a sediment containing more minerogenic particles, and low values may indicate the absence of magnetic particles, i.e. Table 1 Assessment of total uncertainty for each site investigated in 200i often a more organic sediment. However, this is a simplification since the magnetic susceptibil¡ty may also be a measure of fhe amount of magnetotactic bacter¡a. The measurement on naturally wet samples is particularly useful to facilitate core correlations, but in combination with SIRM it is also a supplementary method to recognise isolation events, i.e. changes in depositional environment (Björck, 1979) . The susceptibility measurements were made with a Ceofozika Brno KLy-2 susceptib¡llty bridge on naturally wet samples.
A Redcliff pulse-magnetiser (model 700 BSM) has been used to induce a field of 1 T to achieve saturation isothermal remanent magnetisation, and a Molspin Minispin spinner magnetometer was used to measure the remanent magnetisation. SIRM was measured on naturally wet sediment as well as on sediments that were dried at 55'C for 12-24hr. The authigenically formed magnetic mineral gregite (Fe:S¿) forms in anoxic environments in fresh, marine or brackish water where sulphate suppfy is limited (Walden et al., 1999; Sandgren and Snowball, 2001 ) . lt can be expected in isolation sequences when the environment changes from marine aerobic conditions to brackish anaerobic conditions.
Analyses of plant and animal macrofossils were used to check the ¡nterpretations of environmental changes, particularly isolations/transgressions, implied by the other analyses. Samples for macrofossil analyses were wet-sieved using a 0.2-mm sieve.
AMS radiocarbon dating was carried out on selected terrestrial or freshwater macrofossils and bulk sediment samples where suitable macrofossils were not found. The radiocarbon dating was carried out at the Radiocarbon Dating Laboratory in Lund and the Poznan Radiocarbon Laboratory. The radiocarbon dates were calibrated using the software Oxcal v. 3.5 (Bronk Ramsey, 2OO1) and v. 3.9 (minor changes in 2003), based on the INTCALSS dataset of Stuiver et al. (i998) , and using the terrestrial calibration curve. The radiocarbon analyses provide ages for the time of isolation and transgression of each basin.
Results
The six investigated sites are described below. We continue to use site name codes from Bennike et al. (2OO2) , where N stands for Nanortalik. Sediment depths in the descriptions refer to depth below water sur{ace. Altitude of the thresholds are related to metres above ( + ) or below ( -) the highest astronomical tide (m a.h.a.t. and m b.h.a.t., respectively). basin is located 10 km northeast of Nanortalik in the Tasermiut fjord and is the most inland site investigated to yield isolation or transgression results. lt is oval in shape, ca. 1500m long and 400m wide, and a series of lakes drain into it via a waterfall. The water depth at the coring site varies with the tides, between 9.5 m and 11 m, but in some parts of the basin, depths of up to 22m were recorded. At the isolation contact at 1200 cm, the sediments change from greenish grey sandy clayey gyttja silt, into laminated greyish brown sandy clayey algal-rich silt gyttja (Fig. 2) . Marine algae, foraminifera and Mytilus edulls also disappear above this level and a freshwater fauna with Cladocera and Chironomidae start to dominate (Fig. 3) . The organic car-
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bon and carbonate content increase at around 1200cm and a small peak is visible in all the magnetic parameters (Fig. 2) . The transgression event is harder to establish from the lithological analyses alone as there are several possibilities indicated by the sedimentary changes and changes in the magnetic parameters, as well as by the organic carbon and carbonate content a t 1 1 8 1 c m , 1 1 6 3 . 5 c m , 1 O 7 B c m , 1 0 6 1 c m , 1 Ù 4 4 . 5 c m a n d 1027 cm. But from the macrofossil analyses the transgress¡on can be established at 1061 cm (Fig. 3) . The transgression is a more gradual transition than the isolation event, with freshwater taxa such as Isoëtes lacustris, Rhabdocoela and Cladocera slowly decreasing in numbers while marine algae, Foraminifera and Mytilus edulis increase in numbers at the same time. The small number of poorly preserved marine macrofossils appearing in the interval between 1200cm and 1063 cm can possibly be explained by wave-induced erosion and re-sedimentation of older sediments. The presence of reworked material is supported by the old radiocarbon age of 1 5 6 9 0 + 9 0 1 4 C y r B P f o r a b u l k s e d ¡ m e n t s a m p l e f r o m 11.635 cm (Poz-7175, Table 2 ). Alternatively, the occurrence of marine macrofossils in small numbers during periods clearly dominated by freshwater species may be a result of storm events that transported marine waters and organisms over the relatively narrow and low threshold which is located towards the south-southwest and is exposed to southwesterly storms. The age of the isolation of the basin is determined to around 9500cal.yrBP based on a bulk sediment sample (9470-9630 cal. yr BP) just above the isolation contact, a macrofossil sample of Nitella sp. (9020-9490cal.yrBP) at and above the isolation contact and a sample of the moss Drepanocladus cÍ. badius (9750-l}49ocal.yrBP) just below the contact ( Table 2 ). The time of the transgression is dated to around 25OO cal.yr BP based on a sample of the following taxa; Bryopsida indet., Nitellasp., Empetrum sp., /soëtes lacustris, Daphnia pulex, Batrachium confervoides and chironomids (2340-274O and 2150-2250cal .vrBP) at 1O57-106'l cm ffable 2). Lake N26 (N 60.1 278" , W 45.0621")
The lake is located ca. 9 km east of Nanortalik close to the mountain Jakobinerhuen at the mouth of Tasermiut fjord. The threshold consists of rock at an altitude of ca.3.2m a.h.a.t. With an irregular shape, the basin measures ca. 150 x 500 m. There is no obvious inlet to the lake, so inflow of material is limited to that brought by surface runoff. The water depth at the coring site is 5.5 m, but depths of up to 10 m were recorded in the basin. Sedimentary changes from brownish grey silty sand to dark brown and black FeS-laminated sandy clayey algal-rich silt gyttja overlain by clayey silt gyttja can be observed around the isolation (Fig. a) . Marine algae, Hydroidea indet. and Mytilus edulrs disappear at the isolation and a freshwater fauna with the cladocerans Daphnia sp. and Ceriodaphnia sp. and chironomids appear and increase in abundance (Fig. 5) . Organic carbon and carbonate content increase at the same level (Fig. 4) . SIRM and susceptibility also increase during the transition from the marine to the freshwater environment at 920 to 915 cm. The age of the isolation is established to ca. 10 300 cal. vr BP on the basis of three bulk sediment samples (one at 916-91Bcm with the 1 0 6 5 0 c a l . y r B P , o n e a t 9 ' 1 4 -9 1 6 c m 1 0 6 0 0 c a l . y r B P a n d o n e a t 9 1 0 -9 1 4 c m age of 9900-dated ro 9900-with an age of 10.765 r 1 . 6 3 5 1 1 . 9 5 1 1 . 9 8 -1 2 . 0 0 12.O2 "t2.o1-"t2.o3 9.10-9.'t4 9."t4-9.'t6 9.1 6-9.1 B 6.445-6.455 6.68-6.685 6.94s-6.95 7.58-7.59 13.275-13.285 1 3 . 3 9 -i 3 . 4 0 13.419-13.427 1 1 . 7 7 -1 1 . SlHlul {mAmz tçg:l } CAFBO¡¡ MTNEHOGENIC e -¡ Dry $lffM COHTENT {%) HËS¡DUE {o/4 Wei SIRM F= rlaminated silty clayey algae gyttiä algae gyttjâ crntaining various proportions of silt ãnd clay depths of up to 15 m were recorded. Today the environment in the basin changes twice a day because of the tides, from being part of the sea to becoming an isolated water body.
Bef ow the isolation found at ca.757-759 cm, the sediments consist of greyish gyttja with gravel and sand, changing into laminated brown gyttja containing black iron sulphide-rich laminae (Fig. 6 ). Above the isolation contacr, laminated g¡tja continues another ca. 5 cm, with colours that varv from reddish to more greyish brown. Marine brown algae, Mytitus edutis and Tricladida indet. disappear above the isolation and a freshwater fauna with Cladocera especially Daphnia sp., Chironomidae and Plumatella sp. starts to dominate (Fig. 7) . The organic carbon and carbonate content increase below sandy,Çlalt€y.silt ii: sandy clayey algae-rich gyttja, laminated with FeS-bands silty sand Figure 4 Core log for site N26, the magnetic susceptibility, SIRM/x (scale bar on top). S|RM wet and dry, carbon contents (mass% of dry weight). carbonate contents (masso/" of dry weight, scale bar on top) and minerogenic residue (massTo of dry weight). Ages given are cal. yr Bp or interpreted interpolated ages between several dates the isolation contact, probably as a consequence of the threshold reaching above the low tide level and the basin becoming 'semi-isolated', i.e. isolated during low tides twice a day resulting in brackish water conditions. Both the organic and the carbonate content are rather high during the isolation phase comoared to the marine environment before the isolation. The magnetic susceptibility curve shows a small rise at the isolation and decreases above the contact at ca. 750cm (Fig. 6) . The magnetic susceptibility varies as a consequence of the concentrat¡on of magnetic particles, which is mostly controlled by the variation of the minerogenic content. Figure 6 shows that susceptibility values increase and decrease when the minerogenic residue increases and decreases, respectively. The sedimentary transition from a freshwater environment into a marine environment at the transgression (level 669cm) is reflected by a change from dark brown algae gyttja into a brown, green, and grey laminated algae gyttja with marked black iron sulphide lamination (Fig. 6) . Allthe magnetic parameters measured show a marked decrease at this level. Carbon and carbonate content show large fluctuations, probably as a result of the constantly changing environment due to saltwater inflow twice a day. Foraminifera, Hydroidea and some brown algae enter the basin while the freshwater taxa Cladocera, Chironomidae and /soëtes lacustris slowly decrease in numbers (Fig.7) . The age of the isolation of the basin is established to around ca. 9300 cal. yr BP (Table 2) based on a bulk sediment samole at the isolation contact at 758-759cm (9000-9600cal.yrBP). The time of the transgression is determined to around 2'l 00 cal. vr BP (at level 668 cm) on the basis of an interpolation between two bulk sediment samples, one from above the transgression at 645 cm (1 350-1 530 cal. yr BP) and the other taken below the transgression at 694.5-695cm (2840-3000 and 2790-2830cal.yrBP) ( Table 2 ). The uncertainty of this transgression date is hard to estimate, especially considering any marine reservoir effect, but it certainly amounts to at least a few hundred years. The error bars for this interpolated age have been set to -750 and + 900, which are the minimum and maximum departures of the measured ages of the bulk samples from the interpolated mean. A third bulk sediment sample from level 668-668.5 cm gave an age of 52O-790cal.yrBP. This date is likely to be too young, as the sample above this level is older and the sample below was dated to ca. 2900ca|. yrBP. M a r i n e e m b a y m e n t N 2 B ( N 6 3 . 0 3 1 6 ' , w 4 4 . 9 0 8 3 ' ) '
This marine embayment is located ca. 23 km southeast of Nanortalik at Narlusoq island and measures ca. 250 x 125 m. Bedrock or boulders form the threshold at 7.Bm b.h.a.t. and the maximum depth measured in the basin is 2O m. The water depth at the coring sites varied between ca. 8.3 m and 1 2 m as a consequence oftidal changes during the day and shifting positions of the coring platform but the overlapping cores could be successfully correlated visually as well as with the magnetic scans. The isolation contact is olaced at 1340.5-1 341 .5 cm at the transition from dark brown to black FeS-laminated silt gynja wlth a high content of minerogenic material to lighter brown sandy clay algal rich silt gyttja (Fig. B) . Marine brown algae, Foraminifera, Tricladida and Hydroidea disappear above this level and a freshwater fauna with Cladocera, Chironomidae and Plumatella sp. starts to dominate (Fig. 9) .
The organic carbon and carbonate contents first increase just above 1345cm and continue to increase until level 1332cm where they both suddenly decrease. The magnetic parameters (Fig. 8) show high peaks at the isolation contact at 1 341 cm and then fluctuate highly until 1326cm where they reach the same high values as before the isolation. Figure 6 Core log for site N27, the magnetic susceptibility, SIRM/¡ (scale bar on top), SIRM wet and dry, carbon contents (massyo of dry weight), carbonate contents (masso/o of dry weight, scale bar on top) and minerogenic residue (massTo of dry weight). Ages given are cal. yr BP or interpreted interpolated ages between several dates, all in cal. yr BP transgression in south Greenland, from a freshwater environment into full marine conditions, has usuallv been found to be a gradual process, but in the cores from this site the lithologic change is very sharp. The freshwater sequence is only $andy silty clayey detritus gyttjã Gffia wittr vârylng mnt6nts of sand, silt and:elay Sandy silty õlay ca. 6 cm thick, and from the radiocarbon analyses we conclude that the sequence is incomplete and that erosion has removed significant parts of it. The first incursion of marine water into the basin is seen at 1334cm on the basis of macrofossil analvses (Fig. 9) . Foraminifera, Pectinaria sp. and some marine brown algae enter the basin and freshwater species such as Cladocera, Chironomidae and Plumatella so. start a slow decline. The isolation of the basin is dated to ca. 9250cal.yrBP (Table 2 ) based on two bulk sediment samples (one above the isolation at 1339-1 340cm dated to 9030-9430cal.yrBP and one below the isolation ar 1341 .9-1342.2cm dated to 903G-9500 cal. yr BP). The time of the transgression is determined to have occurred before 5000cal.yrBP based on a marine bulk sed i ment sample taken at 1 327 .5-1 328.5 cm (Table 2) . Th is date presents a minimum age of the transgression event as it is taken above the hiatus in marine sediments. The transgression must therefore have started at this time or earlier.
T i d a l b a s i n N 2 9 ( N 6 0 . 0 3 0 0 ' , W 4 4 . 9 3 0 3 ' )
The threshold of this ca. 300 x 250m marine embayment is made up of boulders located 3.3 m b.h.a.t. lt is located ca. 23 km southeast of Nanortalik by Narlusoq island and the maximum depth measured in the basin is 22m. As a consequence of tidal changes during the day and horizontal movements of the coring platform between each coring, water depth varied between ca. 1 1.6 and 12.8 m. The isolation contact is olaced aI 1197.5 cm, at the transition from light greyish brown sandy clayey silty gyttja to brown, black and grey laminated sandy clayey silty gyttja w¡th FeS laminae (Fig. 10) . At this level, marine algae, foraminifera, Tricladida and Hydroidea disappear and freshwater organisms w¡th Cladocera, Chironomidae and Nlte//a sp. start to dominate (FiB. 1 1). The organic carbon content first increases just below the isolation contact at ca. 1203cm and continues a general increase until ca. 1194cm where it suddenly decreases. The carbonate curve has roughly the same shape as the carbon curve, except between 1200-1207 cm where there is a high peak in the carbonate curve corresponding to a high concentration of shell fragments (Fig. 10) . The magnetic parameters (Fig. 10) decrease from around the isolation with a high peak just above the onset of marine conditions at 1 185.5 cm. The lithology at the assumed lacustrinè marine transition shows a sharp erosive contact and the brown, black and grey laminated sandy clayey silty gyttja containing FeS-(bands) laminations changes abruptly into a brownish grey sandy silt gyttja. Two toc-dated bulk samples confirm the erosive contact; the sample below the contact at 1 186 cm has an age of ca. 8140cal.yrBP and the sample above was dated to ca.2300cal.yrBP (Table 2 ). The macrofossil analyses show a fairly abrupt change from freshwater taxa to marine taxa/ compared to most of the other sites; from an environment dominated by Cladocera, Chironomidae and Nife//a sp. to an environment dominated by marine algae, foraminifera and Pectinaria sp. (Fig. 11) . The age of the isolation of the basin is established as ca. 9000 cal. yr BP (Table 2 ) on the basis of a bulk sediment sample at the isofation contact at 1197 cm (8600-9300 cal. yr BP). The transgression is determined to have occurred sometime b e t w e e n B 1 4 0 c a l . y r B P a n d 2 3 0 0 c a l . y r B P o n t h e b a s i s o f the bulk sediment sample taken from both above the hiatus at 1 179-1 1 B0 cm and below the hiatus at 1 1 86 cm (Table 2) Figure B Core log for site N2B, the magnetic susceptibility. dry SIRM/¡ (scale bar on top), dry SIRM, carbon contents (mass% of dry weight), carbonate contents (mass7" of dry weíght, scale bar on top) and minerogenic residue (massTo of dry weight). Ages given are cal. yr BP or interpieted interpolated ages between several dates 0.6 m b.h.a.t., is made up of boulders and the maximum depth in the rather shallow basin was measured to around 2.6 m. The water depth at the coring site was measured to ca. 0.8 m and as the coring was done during low tide, no variations in depth at the coring site were registered. The isolation contact is placed at 139.5 cm at the transition from greenish brown sandy clayey silty gyttja to brown sandy silry algal rich gynja (Fig. 't2) . Below the isolation contact Tricladida indet. dominates the environment, but disappear above this level and a freshwater flora and fauna w¡th Cladocera, Chironomidae and lsoëtes lacustris takes over (Fig. 13) . Both the organic carbon and carbonate content increase at the isolation contact level. The magnetic susceptibility (Fig. 12) decreases at the isolation contact while the SIRM measurements show little change. The transgression, with a first marine incursion seen from macrofossil analyses at 112cm, was gradual and the sediments change from dark brown clayey silty sandy gyttja into grey clayey silry sandy f . Quaternary Sci., Vol. 21 (1) 2948 (2006) | _j rclayey sílt gyttjå ing luniperus communis and Empetrum nigrum, taken at 1 13 cm, just below the first marine incursion (Table 2) .
Discussion

Basin isolation
In the Nanortalik area, early Holocene isolation sequences show abrupt lithological changes from coarser minerogenic sediments deposited in a (glacioJ marine environment forming Marine organisms = o"**t* *u"".
1944) and has been reported from isolation sequences before by, for example, Bennike (1992, lggï) and Bennike ef a/. (2002) . The presence of marine organisms often ends abruptly at the isolation contact, to be replaced quickly by freshwater taxa. Most of the freshwater taxa probably arrive at the isolated lake by surface runoff from small rivers, draining lakes further inland, but some species may also be transported by birds. The most commonly found freshwater organisms are cladocerans like Daphnia sp. and Alona sp., Chironomids, lsoëtes lacustris, Nitella sp., Plumatella repens, Rhabdocoela flatworms, the water-crowfoot Batrachium confervoides, larval cases from Trichoptera, some Hippuris vulgaris and Lepidurus arcticus. Occasionaf bones from the fish Gasterosteus aculeatus have also been found above the isolation contact from site N26.
Basin ingression
The transition from freshwater sediments into marine sediments is often not as clearly visible as the isolation contacts. This is a consequence of the gradient of the sea-level change being high during the isolation and lower during the transgression. lt is usually obvious in the sediments that a marine ingression occLrrs, but in most cases macrofossil analyses were necessary to establish exactly where to place it. The changes in the sediments are more gradual than during the isolation and it is therefore difficult to define a 'transgression contact,. physically, the change is often seen as a higher amount of mineral particles, which often but not always shows up as higher magnetic susceptibility and higher SIRM values; in fact, biogenic magnetite can give higher signals than minerogenic sediments. In some cases/ as in sites N2B and N29, the in-and out-flowing tidal currents have eroded parts of the sedimentary column during the marine ingression. The macrofossil analyses have shown that the environmental change is gradual with several marine species showing up in small numbers at the same time as freshwater species gradually decline in numbers of individuals. lt is not unusual to find both marine and freshwater species in fairly large numbers in the first 10-1 5cm of the sediment column above the registration of the first marine ingression. The marine taxa that first migrate into the basins are often Foraminifera, brown algae such as Sphacelaria sp., Rhizoclonium sp. and Desmarestia sp., bivalves such as Myti-I u s edu I i s or Macom a balth i ca, hydrozoans of the order Hydroidea, the ice-cream-cone worm Pectinariaand flatworms of the order Tricladida. Remains of the marine fish Mallotus villosus have been found in the transgression sequence of N25 and in fully marine sediments in N2B.
A Lateglacial and Holocene sea-level curve flrom the Nanortalik area The isofation and transgression ages shown in Fig. 14 are a summary of the seven sites from Bennike et at. (2002) (Table 3 ) and the six sites described in this paper. The sea levels shown are the inferred values for the individual sites and no adjustment has been made for possible differential isostatic signals between sites that do not lie on the same isobase for the reason that the orientation and gradient of the isobases cannot be determined with accuracy from the available data. The sites N 1 6 , N 1 8 , N 1 9 , N 2 1 , N 2 2 , N 2 4 , N 2 B , N 2 9 a n d N 3 0 a r e at very comparable distances from the present ice margin and from the shelf edge and differential isostatic signals for these sites are likely to be small. The oldest isolation basin (site N14) also lies further offshore and its elevation would be increased if projected onto a sea-level curve for the main cluster of sites. Therefore Fig. 14 should not be interpreted as a sea-level curve for any specific location but as a general representation of change over the area spanned by the data points.
Alf ages are calibrated to yr BP using OxCal (v. 3.9) with 2o error bars, with the exception of the transgression age of basin N27 for which the age is the result of an interpolation between dates above and below the transgression as discussed above. The altitude error bars are based on the total uncertainty presented in Table 1 . No basins suitable for coring with thresholds below -2.8 m b.h.a.t. have been found in the area and we cannot establish firmly the maximum lowest Holocene sea level attained in the area. The sediments from sites N2B and N29 show erosive contacts (i.e. hiatuses) and this implies a dynamic environment with strong bottom currents eroding the soft gyttja sediments and could indicate, especially for site N2B where the threshold is wide, that the lowest sea level in the area was close to this threshold altitude. The fact that marine macrofossils are found in the sediment column from N25 during a freshwater-dominated period, could also imply that sea level was close to the threshold and that marine sediments were washed in during storm events. Thus the lowest sea level in the Nanortalik region could not have been much lower than ca. 10m below highest astronomical tide and occurred between 8000 and 6000cal.yrBP (Fig. 1 ) . The observations presented in Fig. 14 show a slow regression between ,|4000
and 12000cal.yrBP and an accelerated regression between 12000 and 9000cal.yrBP. This implies a fast recession of the ice sheet during at least parts of the Lateglacial and the early Holocene. The slower transgression starting at sometime before 5000cal.yrBP could reflect either a readvance of the Creenland ice sheet and/or a delayed collapse of the Laurentide peripheral bulge. lt has been suggested that the ice sheet margin reached its present position at around 9500 BP, and from 9000 BP to 3000 BP the ice margin was behind this position (Weidick et a1.,2004) . This suggestion correlares very well with the sea-level observations presented here, as sea level fell below the present at around 9300cal.yrBp and then rose from around the mid-Holocene to reach the present level fairly recently. Neoglacial growth andlor a delayed isostatic response to the changes in the Laurentide and/or the Creenland ice sheets can explain such behaviour in relative sea level. lt could also be a combination of both processes. The data in the diagram in Fig. 14 are uncorrected for differential isostatic rebound and should be seen as raw data and not as a relative sea-level curve for any specific locality. We are currently working on relative sea-level changes in a second area of southern Creenland (Qaqortoq-Narsarsuaq). When this analysis is completed we will be in a better position to establish the gradients and rates of crustal rebound and to draw conclusions about ice thickness and ice margin locations for the Lateglacial period. This work is important as observations of relative sea-level changes in southern Greenland are few and provide few constraints for glacial-isostatic adjustment models. Poor agreement is seen between results from glacial-isostatic adjustment models reconstructing sea-level and glacial history with those few observations available at present (Bennike etal., 2OO2; T arasov and Peltier, 2002 ; F lem i ng and Lambeck, 2OO4). Fleming and Lambeck (2004) present a curve for rhe Kap Farvel area that shows a predicted relative sea-level rise for the entire Lateglacial and Holocene, and conclude that their model underestimates the amounts of ice melted from the region. This conclusion agrees well with our observations. Tarasov and Peltier (2002) Table 1 and age error bars of 2o are shown as given in Table 2 . Note that some age spans are divided into two or three periods. Note also that the transgression for site N29 is dated by two samples on each side of a hiatus and shows a large span for this reason. The transgression age for site N28 is a minimum date, taken from a sample above a hiatus in marine sediments Tabfe 3 Selected AMS radiocarbon ages from the basins studied by Bennike et al. (2OO2) work either, implying that their model needs to be modified. In Bennike et al. (2002) the analysis is more extens¡ve for the area because it deals only with southern Creenland. Even though the comparison between the observations and the predictions are unsatisfactory, they conclude that the model underestimates the reduction in ice thickness and that the timing of the recession needs to be considered in more detail. The analyses imply rapid melting before the earliest isolations and this conclusion agrees well with our observations. Observational data from only one area will not give a unique solution and it is therefore important that more data are collected before new extensive modelling analyses can be made.
Conclusions
Holocene relative sea-level changes in southern Greenland have previously been observed mostly on land and in lakes and they indicate that levels were below present sea-level for the past 10000yr. In this paper we present evidence that the local sea-level reached -10m below highest astronomical tide (slightly lower than 7.Bm b.h.a.r.) in the interval from 8000 to 6000 cal. yr BP. Combined with earlier results we can draw the following conclusions about sea-level changes in the Nanortalik area of southern Creenland:
1. The relative sea-level fall in the earlv Holocene was raoid from the time the area became ice-free, whereas the relative sea-level rise in the mid-to late Holocene was slower and more gradual. 2. The fall in sea level between 12000 and 10200cal.yrBp shown by Bennike et al. (2002) continued until at least 9000cal.yrBP, by which time sea level reached below -7.8m b.h.a.t. and continued to fall some time after that. The relative uplift of the area during that time was ca. 1 2 m m y r -' . 3. Between 8000 and 6000 cal. yr BP, sea level in the Nanonalik area reached its lowest level at around 10 m b.h.a.t. 4. During the mid-Holocene, at or before ca. 5000ca|. yrBp, sea level again reached above -7.8 m b.h.a.t. and continued to slowly rise until the present day. The mean submergence of the area during this time was 1.5-2 mm yr-l.
Our results explain why Norse ruins are found so close to the present shore (Bak, 1 969) ; because since the Norse people built their houses around 1 000 years ago, relative sea level has risen ca. 0.5-l m. Also, evidence for the presence of palaeo-Eskimo cultures is extremely rare in southern Greenland. The lack of Palaeo-Eskimo ruin sites is not necessarily evidence of their absence. lf these early Palaeo-Eskimos reached Creenland, settlements are likely to be found below present sea level because local sea level has risen 5-6 m since 4000 cal. vr Bp. The ouestion remains Did Palaeo-Eskimo cultures reach this oart of Creenland? lf so, has the evidence been preserved, or have tidal currents and wave action destroyed them?
